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differing	compositions	(Zuo	et	al.,	2017).  407 
 408 
The	potential	for	intraspecific	variation	should	not	be	overlooked,	given	that	it	can	strongly	409 
determine	the	functional	identity	and	context-dependent	contributions	of	each	species	(Des	410 
Roches	et	al.,	2018).	Context-dependent	variation	may	have	consequences	for	ecosystem	411 
functioning	as	it	can	change,	expand,	or	narrow	the	distribution	of	relevant	traits	expressed	412 
and	so	alter	the	assumed	functional	contributions	of	organisms	(Matesanz	&	Ramírez-413 
Valiente,	2019).	Differences	in	sediment	reworking	between	treatments	mechanistically	414 
underpin	the	differences	in	dissolved	nutrient	release	observed	between	the	same	415 
conditions,	demonstrating	that	change	in	behavioural	trait	expression	influences	416 
biogeochemical	processes	and	so	mediates	the	functioning	of	benthic	habitats	(Kristensen	417 
et	al.,	2014;	Wohlgemuth	et	al.,	2017).	However,	establishing	the	relative	importance	of	418 
intraspecific	and	interspecific	variation	has	long	been	a	focus	of	trait-based	ecology	(Albert	419 
et	al.,	2010;	Zuo	et	al.,	2017).	The	necessity	of	considering	intraspecific	variation	is	likely	to	420 
be	determined	by	the	extent	of	variability	within	a	trait	(Henn	et	al.,	2018),	the	strength	of	421 
its	relationship	with	ecosystem	function	(Mensens	et	al.,	2017),	and	indeed	the	research	422 
question	at	hand.	We	suggest	that	quantifying	the	extent	of	intraspecific	variation	should	be	423 
a	particular	priority	where	environmental	conditions	are	changing,	or	where	taxa	are	424 
compared	across	gradients.	Mesocosm	experimental	studies	or	sub-sampling	of	trait	425 
expression	in	situ	offers	ability	to	establish	the	realised	functional	contributions	or	426 
variability	of	species	in	complement	to	conventional	trait-based	study	(Henn	et	al.,	2018).	It	427 
is	probable	that	interspecific	differences	will	exceed	intraspecific	differences	in	terms	of	428 
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magnitude	(Derroire	et	al.,	2018),	and	that	quantification	of	intraspecific	variability	will	be	429 
less	likely	to	alter	projections	of	functioning	and	service	delivery	at	ecosystem-scales	with	430 
high	species	richness	(Wright	et	al.,	2016).	Nonetheless,	to	do	so	characterises	the	sources,	431 
pathways,	and	potential	consequences	of	altered	conditions	(Albert	et	al.,	2010;	Fisher	et	432 
al.,	2015).	Intraspecific	trait	variation	and	its	covariation	with	interspecific	trait	variation	433 
together	determine	community	responses	to	ecological	change	(Zuo	et	al.,	2017).	434 
	435 
Given	that	natural	systems	are	increasingly	subject	to	drivers	of	ecological	change,	we	436 
highlight	the	need	to	determine	the	contexts	in	which	intraspecific	variability	arises	(Moran	437 
et	al.,	2017;	Matesanz	&	Ramírez-Valiente,	2019).	Within	this	framework,	we	must	isolate	438 
the	circumstances	where	it	contributes	to	the	functional	integrity	of	ecosystems	(Wright	et	439 
al.,	2016;	Zuo	et	al.,	2017).	Failure	to	do	so	jeopardises	understanding	and	prediction	of	440 
ecosystem	functioning	due	to	inadequate	characterisation	of	traits	and,	by	result,	441 
biodiversity	(Wohlgemuth	et	al.,	2017;	Adair	et	al.,	2018;	Des	Roches	et	al.,	2018).	Trait-442 
based	models	for	predicting	community	structure	across	environmental	gradients	perform	443 
poorly	when	they	fail	to	integrate	the	effects	of	intraspecific	variation	in	functional	traits,	as	444 
existing	typologies	are	insufficiently	broad	(Read	et	al.,	2017).	Our	findings	demonstrate	445 
that	trait-based	approaches	to	ecosystem	study	require	more	detailed	functional	metrics	446 
than	has	previously	been	assumed.	Future	efforts	should	seek	to	report	responses	under	447 
multiple	ecosystem	conditions,	to	demonstrate	the	potential	breadth	of	resulting	448 
intraspecific	diversity,	and	consider	how	these	effects	will	propagate	up	biological	scales	449 
(Carmona	et	al.,	2016;	Finerty	et	al.,	2016;	Funk	et	al.,	2017;	Matesanz	&	Ramírez-Valiente,	450 
2019).	451 
	452 
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5	Conclusions	453 
Our	findings	show	that	the	expression	of	traits	by	individuals	and	so	the	net	behaviour	of	454 
their	communities	differs	with	biotic	and	abiotic	context.	Such	changes	in	individual	455 
functional	contributions	have	important	implications	for	mediation	of	ecosystem	456 
functioning.	Our	study	highlights	that	trait-based	approaches	which	do	not	consider	the	457 
context-dependency	of	trait	expression	are	at	risk	of	misrepresenting	the	functional	roles	of	458 
taxa.	Quantification	of	intraspecific	variability	will	offer	ecologists	better	insight	into	459 
biological	responses	to	environmental	conditions,	and	aid	ecosystem	management	460 
approaches	seeking	to	maintain	good	ecosystem	function	and	service	delivery	in	the	face	of	461 
environmental	change.	462 
	463 
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Figures	477 
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Fig.	1:	The	effect	of	biotic	and	abiotic	context	on	time	elapsed	(mean	±	SE)	(s)	for	Amphiura	479 
chiajei	and	Amphiura	filiformis	to	(a,	c,	e,	g)	begin	movement	and	(b,	d,	f,	h)	complete	burial	480 
into	the	sediment,	where	(a	-	b)	show	the	independent	effects	of	species	identity,	(c	-	d)	481 
show	the	independent	effect	of	density,	(e	-	f)	show	the	independent	effect	of	population	of	482 
origin,	and	(g	-	h)	show	the	interactive	effect	of	population	x	mean	arm	length	(mm).		483 
	484 
	485 
Fig.	2:	The	effects	of	biotic	and	abiotic	context	on	(mean	±	SE,	n=	6)	(a)	and	(b)	f-SPILmax	(cm)	486 
and	(c)	and	(d)	surface	boundary	roughness	(SBR)	(cm)	in	mesocosms	containing	Amphiura	487 
filiformis	and	Amphiura	chiajei	in	monoculture	or	mixture,	showing	the	(a)	independent	488 
effect	of	density	and	(b)	the	independent	effect	of	population,	(c)	the	interactive	effect	of	489 
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density	x	species	treatment,	and	(d)	the	interactive	effect	of	morphological	trait	variation	490 
(CV	of	mean	arm	length)	and	population.	491 
	492 
	493 
Fig.	3:	The	effects	of	differing	biotic	and	abiotic	context	on	(mean	±	SE,	n=	6)	(µmol	L-1)	(a)	494 
and	(b)	[NH4-N],	(c)	and	(d)	[NO3-N],	(e)	[NO2-N],	and	(f)	[PO4-P]	where	(a)	shows	the	495 
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interactive	effects	of	density	x	population,	(b)	shows	the	independent	effect	of	species	496 
treatment,	(c)	and	(d)	show	the	independent	effects	of	density	and	population,	respectively,	497 
(e)	shows	the	independent	effect	of	population,	and	(f)	the	interactive	effect	of	density	x	498 
species	treatment.	499 
	500 
	501 
	502 
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